The French revolutionary Jean-Paul Marat (1743-1793 was assassinated in 1793 in his 32 bathtub, where he was trying to find relief from the debilitating skin disease he was suffering 33 from. At the time of his death, Marat was annotating newspapers, which got stained with his 34 blood and were subsequently preserved by his sister. We extracted and sequenced DNA from 35 the blood stain and also from another section of the newspaper, which we used for 36 comparison. Results from the human DNA sequence analyses were compatible with a 37 heterogeneous ancestry of Marat, with his mother being of French origin and his father born in 38 Sardinia. Metagenomic analyses of the non-human reads uncovered the presence of fungal, 39 bacterial and low levels of viral DNA. Relying on the presence/absence of microbial species in 40 the samples, we could cast doubt on several putative infectious agents that have been 41 previously hypothesised as the cause of his condition but for which we detect not a single 42 sequencing read. Conversely, some of the species we detect are uncommon as environmental 43 contaminants and may represent plausible infective agents. Based on all the available 44 evidence, we hypothesize that Marat may have suffered from a fungal infection (seborrheic 45 dermatitis), possibly superinfected with bacterial opportunistic pathogens. 46 47 48 49
Introduction
4 French and Marat (Fig. S5 ). The results were visualised using the R package GGplot2 (26). This 151 dataset confirmed that Marat is not artefactually placed at the centre of the plot.
153
To formally test the relationship of the Marat sample to relevant geographic regions we 154 calculated f4 statistics of the form f4(Mbuti, Marat; X. Y) where X and Y are tested for 155 combinations of possible ancestral sources: Sardinian, French, English, Italian_North, Basque,
156
Spanish. f4 values were calculated in qpDstat of AdmixTools v.5.0 (27) with statistical 157 significance assessed through Z-scores following jack-knife resampling (Table S3 ). This statistic 158 tests the covariance in allele frequency differences between an African out-group (Mbuti) and 
163
We additionally ran an unsupervised clustering analysis using ADMIXTURE v1.3 and another 164 subset of the Human Origins dataset (28). This subset included 881 individuals from Europe,
165
West Asia and North Africa typed over 616,938 shared autosomal SNPs. We filtered the 166 dataset by removing SNPs in high linkage disequilibrium using PLINK.v1.9 (29), removing all 167 SNPs with a r 2 threshold of 0.4 within a 200 SNP sliding window, advancing by 50 SNPs each 168 time. We performed the clustering analysis using K values ranging from 1 to 10, with 10 169 replicates for each value of K. We selected K according to the lowest cross-validation error 170 value (K=4). The ADMIXTURE results at K=4 were visualised using Pong (30) ( Figure 2 ).
172

Metagenomic analysis 173
We first removed adapters and merged the paired-end reads into longer single-end sequences 174 using AdapterRemoval v2 (31). We removed PCR duplicates with exact sequence identity using 175 dedupe from the BBMap suite of tools (https://sourceforge.net/projects/bbmap/). We 176 subsequently used the default preprocessing pipeline designed for metaMix which consists of 177 removing human and rRNA sequences using bowtie2 followed by megaBLAST, as well as low 178 quality and low complexity reads using prinseq (32) (-lc_method dust -lc_threshold 7 -179 min_qual_mean 15). The number of reads filtered at each step are provided in Table S4 . We (Table S5 ) and the default number of 12 MCMC 186 chains. The number of the MCMC iterations is automatically calculated by metaMix based on 187 the number of species to explore for each dataset, resulting in 10,000 iterations for the blood 188 sample and 3,230 iterations for the paper swab.
190
The relative proportion of reads assigned to different species by KrakenUniq and metaMix was 191 highly correlated; R 2 =0.94 and R 2 =0.82, for the blood stain and the unstained paper, 192 respectively ( Fig. S6 ). However, metaMix tended to assign a higher number of reads to 193 individual species, closer to the number found by mapping directly to the microbial genomes 194 and we observed important discrepancies for the number of reads assigned to some of the 195 species (Table S6) . Additionally, metaMix results for both the blood stain and the unstained 196 paper consisted of fewer species compared to KrakenUniq, even when the same read support 197 threshold was applied to KrakenUniq, indicating increased specificity due to the MCMC 198 exploration of the species space, that comes at an increased computational cost.
200
In order to compare the accuracy of the two assignment tools, we further explored the 201 presence of clinically relevant species by mapping the quality-filtered subset of reads (Table   202 5 S2) used in metagenomic assignment against the reference genomes of different candidate 203 genera of fungi and bacteria using bowtie2 (10) and BWA v.07.3 ( Fig. S7-S13 ). For all reads 204 mapping to individual reference genomes, mapDamage v2 (13) was also run to assess evidence 205 of nucleotide mis-incorporation characteristic of post-mortem damage. These mapping results 206 were systematically supporting the metaMix assignments over those obtained with 207 KrakenUniq (Table S6 ). This led us to rely on metaMix for all metagenomic assignments 208 presented in the paper.
210
Besides testing for the presence and absence of species, we tested whether some 211 microorganisms were overrepresented in the blood stain compared to the unstained section of 212 the paper using a one-sided binomial test and a significance threshold of 0.95 (Table S5 ).
214
As an additional control, we also conducted metagenomic analysis of two publicly available 215 ancient metagenomes obtained from parchment of comparable age to the Marat newspaper 216 (36). We followed the same pre-processing pipeline described for the Marat samples, first 217 removing adapters and PCR duplicates before employing the default metaMix pre-processing 218 pipeline, this time removing reads that mapped to either the human or sheep, cow and goat 219 reference genomes. As before, metaMix-nucleotide mode was run with with a read support 220 parameter of 10 reads and with 12 MCMC chains x 2,325 and 6,130 iterations respectively for 221 ERR466100 and ERR466101. We provide the breakdown of read filtering steps in Table S7 and 222 our raw metaMix results in Table S8 . 
231
We also conducted a phylogenetic analysis for C. acnes, combining our historical strain with all 
242
We generated 568,623,176 DNA reads from the blood stain, of which 74,244,610 reads 243 mapped to the human reference genome (Table S1 ). From these, we retrieved a complete 244 human mitochondrial (mtDNA) genome at a mean depth of coverage of 4.038x and the nuclear 245 genome at 0.029x (Table S1 ). The predominant mtDNA haplotype was H2a2a1f, although we 
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The human DNA reads showed evidence of post-mortem deamination occurring in 1% of the 251 ends of sequencing reads, indicating authentic ancient DNA damage ( Fig. S1-S2 ). This is similar 252 to the degree of damage that has been observed in aDNA obtained from other human 253 specimens of a similar age (40). For further analyses we selected only those reads that 254 displayed C to T or G to A substitutions at the 5' or 3' end, respectively. After this procedure, 255 the degree of mitochondrial contamination was reduced to 0-0.01%.
257
To explore the ancestry of Marat in the context of modern European populations, we (Table S3 ). However, these trends are subtle and we note that mixed ancestries are 264 difficult to discern, especially when only limited genetic data is available.
266
Metagenomic analysis
268
We conducted metagenomic species assignments with the 9,788,947 deduplicated, quality 269 controlled and low complexity filtered DNA reads (combined merged and non-merged) that 270 did not map to the human genome (see Methods and Table S4 ). We used metaMix (35), a 271 Bayesian mixture model framework developed to resolve complex metagenomic mixtures, 272 which classified ~9% of the non-human reads into 1,328 microbial species (Table S5 ). The 273 species assignments were replicated with KrakenUniq (33), which led to largely consistent, if 274 less accurate, results (~7% classified into 3,213 species, Fig. S6 , Table S6 ). Thus, we relied on 275 the metaMix species assignments throughout the paper, unless stated otherwise.
277
We detected the presence of a wide range of microorganisms, including some expected to 278 develop on decaying cellulose and/or dried blood, but also others recognized as opportunistic 279 human pathogens from the following bacterial genera: Acidovorax, Acinetobacter, 
285
Malassezia restricta and Staphylococcus epidermis showed typical misincorporation patterns 286 that are considered indicative of these sequences being authentically old ( Fig. S7 ).
288
We additionally sequenced the swab taken from the unstained paper sample. In this case, only 289 96,252 pairs of reads were obtained (56,616 merged, 25,712 non-merged, 35,216 290 7 deduplicated and filtered combined merged and non-merged), with 52% of the reads that 291 could be classified with metaMix into 66 species and 36% with KrakenUniq into 374 species, 292 respectively (see Methods and Table S4 ). Although very little DNA could be retrieved from the 293 section of the document that had not been blood-stained, we tried to identify microorganisms 294 that were statistically significantly over-represented in the blood stain relative to the 295 unstained paper. Amongst these and besides, as expected, Homo sapiens, different species of 296 Aspergillus and Acinetobacter were significantly overrepresented in the blood stain (Table S5 ).
297
It remains questionable however whether the unstained paper represents a suitable negative 298 control given that the newspaper had been extensively manipulated by Marat. Significant 299 over-representation of Aspergillus spp. and Acinetobacter spp. in the blood stain relative to the 300 rest of the document could also be due to the blood providing better conditions for the growth 301 of iron-limited microbes. Indeed, Aspergillus spp. and Acinetobacter spp. are commonly found 302 in the environment but are also grown in blood agar. As such, it is plausible that these 303 represent post-mortem contaminants. Indeed, for Acinetobacter spp. we identified no post-304 mortem damage pattern.
306
Metagenomic analysis of historical samples can be challenging as the resulting microbial 307 communities typically comprise an unknown mixture of endogenous species as well as 308 contaminants, both contemporary and modern. To mitigate this problem, we relied on a 309 'differential diagnostics' approach (Table 1) , where we specifically tested for the presence of 310 reads from pathogens that could plausibly have led to Marat's symptoms, most of which have 311 been previously hypothesised in the literature (1-5). Such a differential approach is more 312 stringent than the standard approach in clinical diagnostics aiming to identify the full list of 313 microbes present in the samples after enforcement of a read-number threshold (41,42). Our 314 approach allows limiting the number of species to be tested to a small list of plausible 315 candidates. Second, the lack of detection of even one read from a focal microbial species by 316 direct mapping falsifies the null hypothesis that it was not involved in the disease.
318
We did not identify a single sequencing read in either the blood stain or the unstained paper 319 for the agents of syphilis, leprosy, scrofula (tuberculosis) and diabetic candidiasis (thrush) 320 (Table 1, Table S5 ). We additionally tested for scabies, which is caused by burrowing of the 321 mite Sarcoptes scabiei under the skin. Since the metagenomic reference database did not 322 include arthropod genomes, this was tested separately by blasting all the non-human reads 323 against the Sarcoptes scabiei genome (GCA_000828355.1). Again, we detected not a single 324 read matching to Sarcoptes scabiei, which makes scabies an implausible cause for Marat's skin 325 disease ( Table 1, Table S5 ).
327
Conversely, metaMix recovered 15,926 and 83 filtered DNA reads from the blood stain and the 328 unstained paper respectively, assigned to Malassezia restricta a fungal pathogen causing 329 seborrheic dermatitis, which has been previously hypothesized as one of the most plausible 
340
We placed our Marat M. restricta mitochondrial genome in phylogenetic context by building a 341 maximum likelihood phylogeny including our historical strain and available present-day mtDNA 342 8 M. restricta genomes. Although the total number of samples is small, the fact that the M. 343 restricta mtDNA molecule recovered from Marat's blood is placed basal to modern strains (Fig. 344 S10) and exhibits some post-mortem damage (Fig. S5) further support its authenticity.
346
We also recovered 587 filtered reads assigned by metaMix to Staphylococcus aureus in the 347 blood stain but none in the reads obtained from the unstained paper. The differential 348 representation in the two samples is not significantly different due to the far lower number of 349 reads in the unstained sample (Table S5 ). Although a common commensal, S. aureus is also a 350 frequent human pathogen and the leading cause of atopic eczema. In order to confirm the 351 metagenomic assignments to S. aureus, we mapped the raw microbial reads to a series of 
359
The most prevalent microbial species in the blood stain was Cutibacterium acnes 360 (formerly Propionibacterium acnes (43)), which was also present in the unstained paper (Table   361 S5). C. acnes is largely a commensal and part of the normal skin biota present on most healthy 362 adult humans' skin, including in association with S. epidermis which we also observe in our 363 sample (Table S5- 
370
A phylogeny of Marat C. acnes with a collection of publicly available modern strains (39,46) 371 places our historic genome on a short branch falling basal to Type I strains, supporting its age 372 and authenticity (Fig. S13 ). This phylogenetic placement suggests our Marat strain falls into C. 373 acnes phylotype I (C. acnes subsp. acnes) rather than II (C. acnes subsp. defendens). Whilst our 374 Marat strain does not cluster with phylotype Ia, the type more commonly associated with skin 375 surface associated acne vulgaris (48), its position, basal to Type Ib strains cannot exclude its 376 involvement in soft or deep tissue infections (49).
378
Delineating contaminants and commensals from plausible pathogens remains challenging from 379 this type of data source, in particular due to the absence of a suitable control. To alleviate this 380 issue, we conducted full taxonomic assignments of two ancient metagenomes generated from 381 historical parchment samples dating to the 17 th and 18 th centuries (PA1 and PA2 respectively) 382 (36). Although these samples were obtained from livestock (ruminant) skins whereas we are 383 working with cellulose paper, we anticipate that they may have been used and handled in a 384 comparable way to the newspaper Marat was annotating. In this way they represent what can 385 be considered as the most biologically comparable ancient metagenomes available to date. An 386 equivalent metaMix analysis applied to these filtered sequencing reads (Table S7) identified 387 not a single read assigned to M. restrica, S. aureus or C. acnes (Table S8 ). We therefore do not 388 systematically expect a significant number of reads for the three species we suggest as most Over the last decade, ancient-pathogen genomics has made great progress by borrowing 394 technological advances originally developed for the study of human ancient DNA (50,51).
395
Although most microbial data has been secondarily generated from the sequencing of ancient 
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In this work we analysed both human and 'off-target' microbial reads to shed light on an where this methodological approach has been applied to old cellulose paper.
410
The presence and relative abundance of different microorganisms in the documents Marat diagnoses, which we considered as plausible if we detected at least one read assigned to the 417 causative infectious agent (Table 1) .
419
Potential conditions for which we detected not a single supportive read included syphilis, 420 tuberculosis (scrofula), leprosy, diabetic candidiasis or scabies. We appreciate that absence of 421 evidence for an infectious agent does not constitute incontrovertible evidence of its absence.
422
Moreover, it is not uncommon for metagenomic diagnostics applied to clinical samples to fail 423 to identify reads from the likely infectious agent above the predefined diagnostic threshold, or 424 even fail to detect any read at all (42,43). As such, the absence of reads from a putative 425 pathogen makes it less plausible as the agent of Marat's condition but does not definitely rule 426 them out.
428
Conversely, we detected and validated microbial reads for two of the conditions we tested, 
435
The presence of Malassezia restricta is of particular interest because this fungus is specialized 436 to live on the skin (61). Although also a common commensal and contaminant in metagenomic 437 studies, Malassezia has been described in various skin conditions, including dandruff, atopic 438 eczema, folliculitis and seborrheic dermatitis (62,63). Interestingly, the latter symptoms would 439 fit those described in Marat (5). The M. restricta reads we identified were not statistically 440 significantly overrepresented in the blood's stain relative to the unstained paper, although 441 they could be expected to be present in both samples if someone heavily infected was holding 442 the newspaper. Although we cannot confidently claim the reads in Marat's blood are directly 10 associated with Marat himself, we do identify post-mortem damage in these reads and a 444 phylogenetic placement in a modern mitochondrial DNA phylogeny consistent with these 445 reads being indeed old (Fig. S7, Fig. S10 ). We also do not systematically expect the presence of 446 M. restricta on parchment of a similar age (Table S8 ).
448
Also of possible interest is the widespread presence of Cutibacterium acnes subsp. acnes, 449 which although a common commensal or contaminant can also be implicated in severe 450 acneiform eruptions, which constitutes the top hit in the blood sample and falls basal to 451 phylotype I strains currently in circulation. As with M. restricta, we do not observe a single C.
452
acnes read in two biologically equivalent historic parchment metagenomes (Table S8) .
453
Staphylococcus aureus, which is frequently detected in cases of atopic dermatitis, is also 454 present in reads obtained from the blood's stain, although in fairly low number.
456
Whilst our results do not allow us to reach a definite diagnosis of Marat's condition, they 457 allowed us to cast doubt on several previous hypotheses and provide, using all the available 458 evidence, some plausible aetiologies. We suggest that Marat could have been suffering from 459 an advanced fungal or polymicrobial infection, either primary or secondary to another 460 condition. Future metagenomic analysis of additional documents in Marat's possession during 461 his assassination could help confirm the microbial composition found in this study and 462 strengthen these observations.
464
Our work further illustrates the potential of sequencing technologies for the generation of Table 1 : List of diseases tested for associated agents and presence in the blood stain and the unstained paper samples. The following symbols denote the abundance of reads for each infectious agent tested. ✓: present; ✓✓: top ten; ✓✓✓: top hit; ✘: absent.
